Summary. Many insects like ants communicate chemically via chemotaxis. This allows them to build large trail systems which in many respects are similar to humanbuild highway networks. Using a stochastic cellular automaton model we discuss the basic properties of the traffic flow on existing trails. Surprisingly it is found that in certain regimes the average speed of the ants can vary non-monotonically with their density. This is in sharp contrast to highway traffic. The observations can be understood by the formation of loose clusters, i.e. space regions of enhanced, but not maximal, density. We also discuss the effect of counterflow on the trails.
Introduction
The occurance of organized traffic [1] [2] [3] [4] is not only restricted to human societies. Prominent examples of self-organized motion in biology are herding, flocking and swarm formation [5] [6] [7] [8] . In addition, especially ants build trail systems that have many similarities with highway networks [9] .
Ants communicate with each other by dropping a chemical (generically called pheromone) on the substrate as they move forward [10] [11] [12] [13] . Although we cannot smell it, the trail pheromone sticks to the substrate long enough for the other following sniffing ants to pick up its smell and follow the trail. This process is called chemotaxis [8, 11] . Ant trails may serve different purposes (trunk trails, migratory routes) and may also be used in a different way by different species. Therefore one-way trails are observed as well as trails with counterflow of ants.
In the following we will not discuss the process of trail formation itself. This has been studied in the past (see e.g. [14, 15] and references therein). Instead we assume the existence of a trail network that is constantly reinforced by the ants. Focussing on one particular trail it is natural to assume that the motion of the ants is one-dimensional.
In traffic flow interactions between the vehicles typically lead to a reduction of the average velocityv. This is obvious for braking maneouvers to avoid crashes. Thereforev(ρ) decreases with increasing density ρ. 4 In the following we will show that this can be different for ant-trails. Even though due to the similar velocity of the ants overtaking is very rare, which implies that a description in terms of an exclusion process is possible, the presence of the pheromone effectively leads to an enhancement of the velocity.
We just briefly mention that similar ideas can be applied to the description of pedestrian dynamics. In [17, 18] we have developed a pedestrian model based on virtual chemotaxis. The basic principles are very similar to the anttrail model introduced below. However, the motion in pedestrian dynamics is essentially two-dimensional.
Definition of the Model
In [19-21] we have developed a particle-hopping model, formulated in terms of a stochastic cellular automaton (CA), which may be interpreted as a model of uni-directional flow in an ant-trail. As mentioned in Sec. 1 we do not want to address the question of the emergence of the ant-trail [22] , but focus on the traffic of ants on a trail which has already been formed. The model generalizes the asymmetric simple exclusion process (ASEP) [23] with parallel dynamics by taking into account the effect of the pheromone.
The ASEP is one of the simplest examples of a system driven far from equilibrium. Space is discretized into cells that can be occupied by at most one particle. In the totally asymmetric case (TASEP) particles are allowed to move in one direction only, e.g. to the right. If the right neighbour site is empty a particle hops there with probability q. For parallel (synchronous) dynamics this is identical to the limit v max = 1 of the Nagel-Schreckenberg (NaSch) model [24] with braking probability p = 1 − q.
In our model of uni-directional ant-traffic the ants move according to a rule which is essentially an extension of the TASEP dynamics. In addition a second field is introduced which models the presence or absence of pheromones (see Fig. 1 ). The hopping probability of the ants is now modified by the presence of pheromones. It is larger if a pheromone is present at the destination site. Furthermore the dynamics of the pheromones has to be specified. They are created by ants and free pheromones evaporate with probability f . Assuming
